In this study I examine the relationship between nest-site and nest-patch characteristics and nest success in two ground-nesting passerines, the Harris' Sparrow (Zonotrichia querula) and Gambel's White-crowned Sparrow (Z. leucophrys gambelii), which breed in the Northwest Territories (NWT), Canada. I use univariate and multivariate techniques to examine differences in nest-site selection between the species, and to evaluate the null hypothesis that nest-site and nest-patch characteristics of successful nests and depredated nests do not differ.
104?26'W). The 2.0-km2 study area was located adjacent to the Thelon River on a gentle east-facing slope with an approximate average elevation of 200 m. The Thelon River Valley supports extensive stands of white and black spruce (Picea glauca and P. mariana) growing beyond the northern forest border. "Tree islands," isolated stands of spruce from less than 0.01 to 12.3 ha, are scattered along drainages and rocky benches throughout the area, and are separated from one another by extensive areas of tundra. Tree islands typically are surrounded by shrubby vegetation 0.3 to 1.5 m high, consisting of dwarf birch (Betula glandulosa), willow (Salix spp.), green alder (Alnus crispa), Labrador tea (Ledum groenlandicum and L. decumbens), and bilberry (Vaccinium uliginosum). This dwarf birch community provides the primary nesting habitat for Harris' and White-crowned sparrows. More detailed descriptions of the study area may be found in Norment (1985, 1992a) .
The Harris' Sparrow is a medium-distance, intracontinental migrant that breeds only in the foresttundra ecotone of northern Canada (Godfrey 1986 ). The breeding range of the White-crowned Sparrow is much less restricted and extends from New Mexico and California north to Alaska and east to Labrador (AOU 1983). Breeding densities of Harris' Sparrows are about three times those of White-crowned Sparrows at Warden's Grove (Norment 1992a ). Breeding biologies of the two species at Warden's Grove are similar (see Norment 1992a). Sex ratios and nesting cycles are almost identical, and males and females of the two species showed very similar patterns of change in body mass and lipid stores during the nesting cycle. Both species exhibit low levels of intra-and interspecific agonistic interactions. Only female Whitecrowned and Harris' sparrows build nests, incubate, and brood young; both males and females feed nestlings. Length of incubation and nestling periods in the two species do not differ significantly (Norment 1992a ); patterns of nestling development also are quite similar, and Harris' and White-crowned sparrow nestlings fledge at the same size relative to adults.
Nest location and visitation.-I studied Harris' and White-crowned sparrows at Warden's Grove from 21 May-23 July 1989, 27 May-21 July 1990, and 24 May-17 July 1991. Nests were located by systematically searching habitat or following females to their nests. Nests were marked for relocation by placing small pieces of plastic flagging about 10 m from the nest. All nests were checked daily to determine if eggs or nestlings had been lost to predation or other causes. Each year I handled nestlings daily in about 80% of the nests while studying the growth rates of juvenile birds (Norment 1992a ). I did not disturb nestlings in about 20% of the nests so that I could determine whether nest disturbance affects predation rate (see Westmoreland and Best 1985) . In these nests, I checked visually from a distance for presence of the female, eggs, or nestlings, but did not disturb the nest contents or flush the female off the nest. A nest was defined as successful if one or more young fledged from it; unsuccessful nests were those that failed completely for any reason. Unsuccessful nests used in comparisons of successful and unsuccessful nests included only those known to have failed due to predation on eggs, nestlings, or the attendant female. I included nest failures due to loss of the female because nest-patch characteristics probably influence susceptibility of the female to predation.
Vegetation sampling.-Nest-site and nest-patch characteristics were measured at all nests in July after the young had fledged. At each nest I measured 13 variables. Five were nest-site variables: (1) distance from nest rim to top of concealing shrub (SBHT); (2) I used discriminant-function analysis to further explore relationships between nest-site and nest-patch characteristics and nest predation. This method allows consideration of many variables simultaneously, avoiding redundancy among correlated variables. Also, discriminant-function analysis allows detection of effects due to variables that otherwise may be obscured by noise from correlated variables. Stepwise discriminant-function analysis was performed using the BMDP program 7M (Dixon et al. 1990) and 12 of the 13 nest variables; ORIENT was excluded because it is a nonlinear variable. Equality of the covariance matrices was tested with the program DISCRIM (SAS 1982). In both comparisons (successful vs. depredated Harris Sparrow nests, and Harris' Sparrow vs. Whitecrowned Sparrow nests), the covariance matrices were not equal (P < 0.05). Although equality of the covariance matrices is an assumption of discriminant analysis, statistical inferences are generally considered robust to violations of this assumption (Cooley and Lohnes 1971), and moderate violations probably have little effect on two-group classification success (Williams 1983 ). Wilks' lambda and F-tests were used to determine the combination of variables providing the best group separation. Because group sample sizes differed, Cohen's kappa statistics (Z-values) were computed for each classification matrix to test whether the model classified the observations significantly better than chance alone (Titus et al. 1984 ). Means and standard deviations are given throughout the paper; the significance level was set at P < 0.05.
RESULTS
Nest success. -Of 64 Harris' Sparrow nests found, 40 (62.5%) were successful; 22 (34.4%) were lost to predators, and 2 (3.1%) were abandoned. Included among those lost to predators were two nests in which the attendant females were killed by Northern Shrikes (Lanius excubitor). In contrast to Harris' Sparrow nests, no White-crowned Sparrow nests (n = 13) were depredated; 2 nests (15.4%) were abandoned for unknown reasons, and the other 11 (84.6%) were successful. Known predators on Harris' Sparrow eggs and nestlings at Warden's Grove were arctic ground squirrels (Spermophilus parryii) and short-tailed weasels (Mustella ermina). Suspected nest predators included Gray Jays (Perisoreus canadensis) and red squirrels (Tamiasciurus hudsonicus). Arctic ground squirrels were most numerous and probably accounted for most losses of eggs or nestlings (Norment 1992a (Table 1) number of hits, and X3 is AHTSH in centimeters. This model correctly classified 80.0% of the successful nests (32/40) and 86.4% of the depredated nests (19/22) using a jackknifed procedure, an efficiency 63.2% higher than expected by chance (Cohen's kappa Z = 4.789, P < 0.01). Successful Harris' Sparrow nests tended to be placed in areas with more cover and with denser vegetation within 5 m of the nest than were unsuccessful nests (Fig. 1) . Even though the means for AHTSH did not differ significantly (Table 1) , this variable did help to separate the groups in combination with the other variables in the discriminant function, with successful nests tending to be located beneath lower shrubs.
Interspecific nest differences. -Harris' Sparrows and White-crowned Sparrows differed significantly in 10 of 13 variables examined (Table 1) er differences in their nesting habits. Additionally, nest-attendance patterns may actually increase the vulnerability of White-crowned Sparrows to predation at Warden's Grove, as they make more trips to and from the nest while incubating eggs and caring for young than Harris' Sparrows (Norment 1992b).
Because different types of predators use different search tactics (Martin 1988d ), there may not always be a clear relationship between nest concealment and nest predation. In habitats where the major nest predators are either snakes or nocturnal mammals, which mainly rely on olfactory cues when hunting, nest concealment may not protect nests from depredation (Best 1978 , Gottfried and Thompson 1978 , Holway 1991 . For example, concealment did not affect the ability of snakes to locate Field Sparrow (Spizella pusilla) nests, but nests placed in large expanses of tall grass were not detected by mammalian predators (Best 1978) . Arctic ground squirrels are the major nest predator at Warden's Grove and appear to locate nests while wandering randomly through suitable habitat (pers. obs.). Ground squirrels apparently rely on their good eye sight to detect predators at a distance and generally avoid thick vegetation (Kenneth B. Armitage pers. comm.). Thus, increased nest concealment may decrease the ability of ground squirrels to locate Zonotrichia nests. Nest concealment also may reduce nest losses to other predators in the area, including shorttailed weasels and red squirrels, because they are, by necessity, diurnal during the arctic summer.
Because the search intensity of a nest predator may increase with prey density (Martin 1988d) , and White-crowned Sparrows are much less abundant than Harris' Sparrows at Warden's Grove, differences in rates of nest predation between Harris' and White-crowned sparrows also could be explained by density-dependent effects. Density-dependent nest predation occurs in some situations (Fretwell 1972 , Caccamise 1977 , Martin 1988d , Reitsma et al. 1990 ), but not in others (Best 1978 , Gottfried and Thompson 1978 , Zimmerman 1984 . Reasons for the presence or absence of density-dependent effects on nest predation are unclear, but may be related to the density and type of predators, and the degree of similarity of nest types (Best 1978 , Zimmerman 1984 , Martin 1988d (Fig. 2) . Density-dependent effects on predator search intensity also would not explain the effects of concealment on the success rate of Harris' Sparrow nests alone.
Predators destroyed 34% of all Harris' Sparrow nests found at Warden's Grove, including 50% in 1990, and more than 30% of all eggs and nestlings. Because nest predation was the primary mortality factor for Harris' Sparrow eggs and nestlings, and accounted for 62.5% of all known losses at Warden's Grove (Norment 1992a) , it seems that selection should favor those Harris' Sparrows that use concealed nest sites, and that few Harris' Sparrows should nest in open habitats.
Several factors could be important criteria for nest-site selection and operate in opposition to any preferences for increased nest concealment. First, habitat selection and nest placement could be influenced primarily by proximity to areas with abundant supplies of preferred resources (see Rosenzweig 1981 Rosenzweig , 1985 . Given the need for rapid maturation of altricial young during the short breeding season at high latitudes (Morton 1976, Custer and Pitelka 1977) , and the high energetic demands placed upon parents feeding young (Custer et al. 1986 ), Harris' Sparrows could select nest sites that offer the best resource availability, so as to maximize food delivery rates to young. Behavioral observations are consistent with this explanation. Harris' Sparrows and White-crowned Sparrows at Warden's Grove differ in their preferred foraging habitats; Harris' Sparrows forage in more open habitats and farther from cover than do White-crowned Sparrows (Norment 1992b (Walsberg 1985) . Although harsh weather was rare during my study, severe inclement weather at Warden's Grove may cause significant mortality among nesting passerines in some years (Norment 1985) .
A third possibility is that White-crowned Sparrows are behaviorally dominant over Harris' Sparrows and exclude them from preferred nest sites. This explanation also seems unlikely because Harris' Sparrows and White-crowned Sparrows at Warden's Grove show little evidence of interspecific agonistic interactions. Substantial territorial overlap occurs between the species, nests of which may be within 10 m of one another (Norment 1992b ; see also Rees 1973). If anything, Harris' Sparrows would be expected to be behaviorally dominant over White-crowned Sparrows, as they are about 30% larger and tend to displace the latter species at trap locations baited with seed (pers. obs.).
Finally, although high-quality nest sites are generally considered to be abundant, they may be less common than usually assumed (Martin and Roper 1988 
